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Abstract
A crucial component of forensic death investigations and bioarcheological research is
compiling a biological profile. The biological profile includes estimations of the individual’s sex,
ethnicity, age, and stature which can lead to the identification of the deceased individual. While
there are many methods for determining the biological profile, there remain challenges that
inhibit anthropologists from forming a full profile. Remains at a crime scene or archaeological
site are often fragmentary or all together missing which makes developing the biological profile
more challenging. More durable elements, like the skull, are therefore useful to examine as
potential indicators because crania are often well preserved. Estimating the age of an individual,
particularly assessing the age of older individuals (50+ years old), remains difficult. While the
examination of cranial sutures as an indicator of age has been addressed by previous researchers,
focus upon the squamosal suture for advanced age estimation has not been conducted. This
research aims to examine the obliteration patterns of the ectocranial squamosal suture to
determine whether there is a correlation between the degree of squamosal suture closure and
older age (50+ years old). The study is comprised of 114 white males ranging from 40-89 years
old from the UTK donated skeletal collection. The squamosal suture was divided into six
sections and scored 1-4 based on the extent of obliteration. Results from a one-way ANOVA
indicate that four out of the six sections (A1, P1, P2, and P3) have a significant relationship
between obliteration score and age. Given that the ectocranial squamosal suture is one of the
final sutures to close (Lockhart et al. 1959), it may be useful for indicating the age-at-death for
older individuals.
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Introduction
In the field of anthropology, specifically forensics and bioarcheology, the aging of an
unidentified individual remains a challenge. Determining the age at which an individual died is
crucial in forensic investigations and bioarcheological research. In forensic cases, it provides
additional information which ideally can give rise to the identification of an unknown individual.
Without this precise age information, securing an identification becomes more difficult. As this
is a prominent issue, experts have developed numerous methods for age estimation using
different elements of the skeleton. While the pelvis and ribs are best (Ruengdit et al. 2020) and
reasonably accurate, they are often absent or impacted so as to not be useful. The skull, however,
is often present and occasionally is the sole item available for analysis. The skull’s complexity
and utility in determining age, ethnicity, and sex makes it important in human osteology (White
et al. 2012). Therefore, the study of the skull and its components can potentially be key in
determining age.
Aging also becomes more difficult with individuals older than 50 years old. Lockhart and
colleagues (1959) noted that as individuals age, bones fuse across the sutures and become
obliterated. This process occurs at different points for the various sutures of the skull, and
researchers have identified the age at which the majority of sutures become obliterated (see
Figure 1). Since sutures close at different ages, particular sutures can be helpful in addressing the
issue of aging older individuals (Meindl and Lovejoy 1985). The ectocranial squamosal suture,
for example, normally becomes obliterated around the age of 80 (Lockhart et al. 1959). At
present, cranial suture aging methods are not ideal because of the large age ranges; however,
refinement and further examination of suture obliteration may reveal some useful patterning.
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Using documented individuals, this study will investigate the obliteration of the squamosal
suture to determine its accuracy in aging older individuals.

Figure 1. Approximate age at which various cranial sutures close from Lockhart et al. Anatomy of the Human Body, 1959

Anatomy of Sutures
The adult skull is comprised of 29 bones (including the ear ossicles and hyoid). Most of
the bones are articulated by a thin layer of dense, connective, fibrous tissue called a suture which
is an interdigitating, zipper-like joint (Steele and Bramblett 1988; White et al. 2012). There are
15 sutures connecting the 29 bones of the skull (Di Ieva et al. 2013). Some of the primary sutures
include the coronal suture, the sagittal suture, lambdoidal suture, and the squamosal suture (see
Figures 2 and 3).

2

Figure 2. Lateral view of skull labeled with bones and sutures

Figure 3. Posterior view of skull labeled with bones and sutures
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Sutures function as primary sites for bone growth and enable the skull to change shape as
the brain and bones grow (Jaslow 1990). Sutures, like other joints in the body, articulate two
bones to ensure the stability of each bone. The presence of collagen and the interdigitated nature
of cranial sutures provides the skull with additional shock absorption. With increased
interdigitation, the surface area of the joint increases, thus increasing the amount of collagen
which allows the sutures to be more flexible. The increased flexibility adds an additional level of
protection for the brain (Jaslow 1990).
In young individuals, these fibrous joints are more defined (Steele and Bramblett 1988).
Some sutures are formed as synchondroses which are more semi-rigid joints made of hyaline
cartilage. As individuals grow older, the temporary synchondroses are replaced by more rigid
ligamentous joints and they become fused (White et al. 2012). At an advanced age cranial
sutures become completely obliterated.
The squamosal suture is paired and an example of a suture formed by overlapping bones
(White et al. 2012). The squamosal suture is an unusual suture as it is not interdigitated like other
sutures and instead formed by two bones laid one on top of the other. This beveled suture
articulates the thin inferior portion of the parietal on top of the thin the superior aspect of the
temporal bones. The parietal striae, grooves that travel posterosuperiorly, on the ectocranial
surface of the parietal bone mark the location where the temporal bone articulates. The
parietomastoid suture comprises the posterior extension of the squamosal suture (White et al.
2012). The ectocranial squamosal suture is one of the last sutures to fuse at around the age of 80
(Lockhart et al. 1959). Other sutures start this process at earlier ages around 20-60 years old
(Ruengdit et al. 2020). Therefore, the ectocranial squamosal suture is a uniquely qualified suture
to address the issue of age estimation of older individuals.
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Challenges of Determining Age in Forensic Investigations
Anthropologists have often struggled with finding proper, accurate methods for
determining the age-at-death for an unknown individual. One of the issues that arises when
trying to determine age-at-death is that a person’s chronological age, or how old they are in
years, often does not match up with their physiological age, or how old their body appears to be
(Blau and Ubelaker 2009). Individuals can have different rates of development during the growth
period and differing rates of deterioration after maturation. This creates further obstacles when
determining chronological age. Development is gradual until maturity, followed by gradual
deterioration (Steele and Bramblett 1988). While some developmental processes happen at
certain ages and for precise durations, deteriorative processes are not as patterned and do not
happen at exact ages for a set period of time. The human variation involved in the development,
maturation, and deterioration, thus, makes aging an individual more difficult.
Not being able to distinguish chronological age from physiological age becomes even
more difficult with older individuals. When assessing the age of younger individuals, forensic
anthropologists often rely on growth processes such as dental eruption and development,
epiphysial fusion, and long bone length (White et al. 2012). These processes often occur at
predictable ages, so they can be used to determine the age of a younger individual when they die.
However, in older individuals, development is complete with only a few growth processes
continuing such as the development of the ventral rampart in the mid-thirties, continued osteon
development in cortical bones, and continued fusion of cranial sutures (Steele and Bramblett
1988). These processes are not as patterned as developmental ones, therefore age estimation in
adults in not as accurate. The estimation of adult age relies on degenerative processes. These
indicators, however, are not as precise since degenerative processes occur at varying rates at
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different times during an individual’s life. The challenge of estimating the age of older
individuals frequently results in the underestimation of the individual’s age (Cappella et al.
2017). Therefore, determining the age of an adult is often less exact and defined (Steele and
Bramblett 1988).
Aging older individuals is exceptionally difficult because there are practically no
methods for age estimation of individuals older that 50 years old. Using sternal rib ends, a
method developed by Iscan and Loth, the oldest age range is 44-85 for males and 62-90 for
females (Hartnett 2010). The Suchey-Brooks method, developed based on Todd’s method, using
the pubis has the last phase representing individuals ages 42-87 for males and 34-86 for females
(Brooks and Suchey 1990). Hartnett revised both of these methods using more modern samples.
For the sternal rib end method, she reduced the number of phases from eight phases to seven
which slightly modified the age ranges. The age ranges for older individuals, however, were still
substantial with phase 7 encompassing males 70-97 years old and females 65-99 years old
(Hartnett 2010). For the pubic symphysis method, Harnett added an additional phase which
resulted in new descriptions for each phase and new age ranges (Hartnett 2010). While the
additional phase reduced the age ranges for each phase, the later phases still had large ranges of
at least 20 years with the last phase indicating the individual was 58-97 years old for males and
62-99 years old for females (Hartnett 2010). Sternal rib ends and the pubis are two of the most
reliable methods for age estimation, however, they are not strong methods for individuals over
50 years old. Determining the age of older individuals is critical to developing a biological
profile in forensic cases, so investigating methods to assist in that determination is essential.
While determining age can be difficult, in forensic situations, the availability of skeletal
elements also adds to the challenge. Not all elements are present at a recovery, so some bones
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that are most useful and accurate in determining age, such as the innominate and ribs, are not
always an option. Moreover, not all bones are equally preserved or survive taphonomic processes
(Cappella et al. 2017). Therefore, age estimation should rely on the skeletal elements that are
present during recovery and preserve the best (Cappella et al. 2017). In both archaeological and
forensic scenarios, the skull is one of the most durable skeletal elements (Ruengdit et al. 2020).
Developing techniques that use cranial indicators of age can be useful and important in future
investigation for determining an individual’s age-at-death.
Cranial Sutures as an Aging Method
Since suture obliteration is associated with old age it was one of the first areas that was
studied for adult age estimation (Ruengdit et al. 2020). Several early studies in the late 19th and
early 20th century conducted by Pommerol (1869), Ribbe (1885), Frédéric (1906) and Dwight
(1890) investigated cranial suture closure as an indication of age. These studies found that
cranial suture closure was not a trustworthy method for determine age (Stewart 1979). However,
a more extensive study was done by Todd and Lyon in 1924 looking at the skulls of 307 white
males. For their study, they examined several endo- and ectocranial sutures including the sagittal,
coronal, lambdoidal and metopic sutures. Sutures were scored on a scale of 0-4 where 0
indicated no fusion and 4 indicated complete fusion (Todd and Lyon 1924). They concluded that
cranial suture closure trends can be associated with age, though they should not be used on their
own to determine age due to individual variation (Todd and Lyon 1924). Their study, however,
excluded skulls that did not fit the pattern, so “their results could not be used effectively for age
estimation as the true breadth of the error associated with any estimates was unknown”
(Ruengdit et al. 2020, 4).
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McKern and Stewart attempted to improve and refine the approaches of Todd and Lyon
thus creating a more systematic method for using cranial sutures to estimate age. They examined
375 male crania. Similar to Todd and Lyon’s study, they analyzed vault sutures (the sagittal,
coronal, and lambdoidal sutures). Additionally, McKern and Stewart included facial sutures in
their investigation. They employed a five-scale scoring system of 0-4 much like Todd and Lyon.
The results of their study found that the trend of suture closure was not clear enough to be used
as an age estimation method with unknown individuals (McKern and Stewart 1957). This could
be due to the fact that their sample of younger individuals made it difficult to narrow the age
range (Ruengdit et al. 2019).
Meindl and Lovejoy in 1985 examined 236 male and female crania to study ectocranial
suture closure as an indicator for age. They chose ectocranial sutures because of its association
with older age for which they wanted to develop more methods. They initially chose 17 suture
sites to examine but narrowed it down to ten after taking out the points with little to no
association with age. Meindl and Lovejoy systematically studied ten regions of the skull which
were categorized into two regions: lateral-anterior sutures and vault sutures. The scoring of these
two regions were done separately creating a method for lateral-anterior sutures and another for
vault sutures. These suture sites included the pterion, midcoronol, spenofrontal, inferior
sphenotemporal, superior sphenotemporal, midlambdoidal, lambda, obelion, anterior sagittal, and
bregma regions (Meindl and Lovejoy 1985; Steele and Bramblett 1988). They developed a new
four-scale scoring system of 0-3 to score 1cm aeras around the sutures sties for all ten sutures.
The authors concluded that sutures could provide valuable age estimates when used in
conjunction with other aging methods (Meindl and Lovejoy 1985). The cranial suture method,
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however, was found to be less useful in forensic setting where investigators require more specific
ages (Ruengdit et al. 2019).
Other studies that examine cranial sutures for determining age-at-death include Mann and
colleagues’ (1987) examination of maxillary sutures, Dorandeu et al.’s (2007) study of the
frontosphenoidal suture, and Alesbury et al.’s (2012) investigation of the frontonasal suture
(Ruengdit et al. 2020). With respect to maxillary sutures, Mann and colleagues (1987) found a
broad trend of fusion from the teenage years to about 50 years old. After investigating the endoand ectocranial frontosphenoidal suture, Dorandeu and colleagues (2007) concluded that the
suture closure progressed with age, but the age ranges were expansive covering just over 20
years. In studying the endo- and ectocranial frontonasal suture, Alesbury et al. (2012) found that
suture to have very little correction between degree of obliteration and age at death. It is
important to note that using cranial sutures as an age indicator has been replaced by methods
with more precision; however, these methods are post cranial techniques, so examination of
cranial sutures when other methods are not viable is appropriate (Ruengdit et al. 2020).
Since the skull is one of the best-preserved elements of the skeleton, identifying and
developing useful aging methods from different components of the skull, such as using cranial
sutures, is important. As previously discussed, early studies have focused on a number of sutures
to develop age estimation methods for individuals of all ages (Todd and Lyon 1924; McKern and
Stewart 1957; Meindl and Lovejoy 1985; Mann et al. 1987; Dorandeu et al. 2007; Alesbury et al.
2012). These studies have not focused on the squamosal suture as an indicator of age for older
individuals (50+ years old). Since the squamosal suture is often the last suture to become
obliterated it can potentially give anthropologists a better method for estimating the age-at-death
for older individuals (Ruengdit et al. 2020). Current researchers favor endocranial sutures for age
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estimation because they tend to be more accurate than the ectocranial surface (Ruengdit et al.
2020). However, the ectocranial sutures can also help in identifying individuals who are older
because ectocranial sutures close later than endocranial ones (Ruengdit et al. 2020).
Additionally, accessing the endocranial suture may not be feasible in all cases, and, therefore,
ectocranial sutures are more appropriate to use. According to Ruengdit et al. (2020), evidence
has indicated that “cranial suture closure can have a relatively good relationship with age and
low levels of inaccuracy when the right sutures are used in combination within particular age
groups” (9). Using the squamosal suture, this study aims to determine whether it could be one of
those good indicators of age in older individuals.
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Methods and Materials
The sample for this study was comprised of 114 individuals from the UTK donated
skeletal collection at the University of Tennessee, Knoxville. All the individuals are white males
with ages ranging from 40-100 years old (see Figure 4). The individuals were divided into five
age cohorts by decade. In the 40-year-old decade, there were twenty individuals ranging from
41-49 years with an average age of 45.25 years old. The 50-year-old cohort was made up of
twenty-two individuals averaging 54.87 years old. The average age for the 60-year-old cohort
was 64.1 years old. That cohort had twenty-two individuals. The largest age cohort was the 70s
decade with twenty-five individuals. The individuals in this decade averaged 73.48 years old.
There were twenty-four individuals in the 80-year-old cohort. The average age for this cohort
was 84.1 years old. Data analysis and assessments were done based on individual ages.

Individuals per age cohort
30
25
20
15
10
5
0
40 yo

50 yo

60 yo

70 yo

80 yo

Number of individuals per age cohort
Figure 4. Number of individuals per age cohort
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Suture Scoring
Both left and right sutures were divided into six sections and the entire length of all six
sections were scored individually (see Figure). The length of the suture in each section examined
was approximately 2 cm. The squamosal suture was divided into an anterior section and a
posterior section by a perpendicular line extending superiorly from the external auditory meatus
(EAM) (see blue line on Figure 5). The anterior and posterior halves were further divided into
three equal sections. The anterior half was divided into the sphenotemporal third (A1),
encompassing the whole sphenotemporal suture, the anterior third (A2), which starts at the
termination of the sphenotemporal suture and ends at the midway point to the perpendicular line
above the EAM, and posterior third (A3), which starts at the midway point to the perpendicular
line above the EAM and ends at said perpendicular line.

Figure 5. Divisions of the squamosal suture
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Similarly, the posterior half was divided into an anterior third (P1), starting at the
perpendicular line above the EAM and ending at the midway point on the posterior squamosal
suture, posterior third (P2), starting at the midway point on the posterior squamosal suture and
ending at the termination of the squamosal suture, and parietomastoid third (P3), encompassing
the parietomastoid suture.
The degree of obliteration of the right and left ectocranial squamosal sutures were
examined. The sutures were scored on a scale of 1-4 following the method established by various
researchers including Mann et al. (1987); Meidl and Lovejoy (1985); Todd and Lyon (1924).
A score of 1 indicates that the stature has not undergone any obliteration and is still open
with a raised appearance (see Figure 6).

Figure 6. Example of a suture scored a 1.

A score of 2 means that the suture has begun the process of obliteration. The suture line is
still prominent with parts of the suture beginning to fuse but not obliterate or the suture has
an erased appearance (see Figure 7).
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Figure 7. Example of sutures scored a 2.

A score of 3 indicates that the suture is mostly fused, but there is still evidence of a suture
present. The suture either appears to have a faint suture line where it is no longer raised or
parts of the suture are completely obliterated (see Figure 8).

Figure 8. Example of sutures scored a 3.

A score of 4 means that the suture is completely obliterated (see Figure 9).
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Figure 9. Example of a suture scored a 4.
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Results
A student’s t-test with equal variance was done for all six squamosal sutural sections to
determine if there was a statistical difference between the left and right. The results of the t-test
indicate that there is a significant difference between the two sides. Each t-test comparing the six
sections for both sides had a p-value less than 0.05. Since the p-value was less than 0.05, the null
hypothesis, which state that the two sides are the same, could not be accepted. It was noted that
not all of the measurement categories (scores 1-4) were recorded across all age cohorts on the
right side. The P2 and P3 sections on the right side did not have a score of 4. As every score was
not represented for the all the sections on the right side, the final data analyses were performed
using only measurements from the left side.
The distributions for the left side scores for each section are shown in Figures 10-15. The
majority of the obliteration scores have large age ranges that span all five cohorts, so scores of 14 are not isolated to specific decades and range from 40-89 years old. For the A1 section, scores
1-4 had similar maximum ages of 86, 87, 89, and 87, respectively (see Figure 10). The median
ages increased with the scores. The median age of individuals who scored a 1 in the A1 section
was 57 years old, a score of 2 was 65 years old, a score of 3 was 69.5 years old, and a score of 4
was 72 years old. The minimum ages for each score were also similar with a score of 1 and 2
having a minimum age of 40 and a score of 3 with a minimum age of 43. The youngest
individual that scored a 4 in the A1 section was 56 years old.
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Figure 10. Distribution of scores for A1 section

Figure 11 shows the score distribution by age for the A2 section. The maximum ages for
all the scores were similar with the oldest individuals scoring a 1 and a 2 being 87 years old. The
maximum age for a score of 3 was 89. The maximum age for a score of 4 was slightly lower at
88 years old. The median age for individuals scoring 1-4 all fell within a 10-year range. The
median age for individual scoring a 1 and 2 was 63 years old. Of the individuals who scored a 3
the median age was 68 years old. 71 years old was the median age for individuals who scored a 4
in the A2 section. The minimum age progressively increased as the score increased with a score
of 1 having a minimum age of 40, 43 years old for a score of 2, 46 years old for a score of 3, and
56 years old for a score of 4.
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Figure 11. Distribution of scores for A2 section

For the A3 section, the maximum ages for scores 1-4 were 86, 87, 89, and 86 respectively
(see Figure 12). The median age for individuals who score a 1 in the A3 section was 65 years
old. For those who scored a 2, the median age dropped slightly to 61 years old. The median age
for those scored a 3 was 68 years old, and those who scored a 4 had a median age of 76 years
old. The minimum age for A3 sections scored a 1 and 2 was 40 years old. A3 sections that scored
a 3 had a minimum age of 68. 76 years old was the youngest individual that had an A3 section
scored a 4.
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Figure 12. Distribution of scores for A3 section

As seen in Figure 13, the oldest individual who scored a 1 for the P1 section was 86 years
old. The maximum age for sections 2 and 4 were the same at 87 years old. A score of 3 in the P1
section had the oldest individual at 89 years old. The median ages for sections 1-4 were 65.5, 59,
71, and 78, respectively. The minimum age for P1 sections scored a 1 and a 2 was 40 with a
minimum age of 46 for a score of 3 and 56 for a score of 4.
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Figure 13. Distribution of scores for P1 section

In the P2 section, a score of 1 had a maximum age of 87, a minimum age of 40, and a
median age of 65 (see Figurer 14). P2 sections that scored a 2 had a similar spread with ages
ranging from 40 to 88 with a median age of 59 years old. The age range for individuals who
scored a 3 was smaller with a maximum of 89 and a low of 56. The median age for sections
scored a 3 was 59. The oldest individual who scored a 4 in the P2 section was 86 and the
youngest was 68. The median for a score of 4 was 77 years old.
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Figure 14. Distribution of scores for P2 section

Individuals who scored a 1 for the P3 section had a maximum age of 86 and a minimum
age of 40 (see Figure 15). The median age for a score of 1 was 61 years old. The P3 sections that
scored a 2 ranged from 46 to 89 years old with a median of 68. The oldest individual who scored
a 3 was 86 while the youngest was 59. The individual in the middle was 78 years old. For P3
sections that scored a 4, the maximum age was 86 and the minimum was 45. The median for a
score of 4 was 76 years old.
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Figure 15. Distribution of scores for P3 section

A one-way ANOVA was performed to compare the effect of age on obliteration scores to
test whether the distribution of age was different for each score category. For the one-way
ANOVA the response was age, and the factor was the measurement score. The results (see
Tables 1-4) show a statistically significant distribution of age at each score for the A1, P1, P2,
and P3 sections. For each of the four sections, the p-value was less than 0.05.

Table 1. ANOVA test results for A1 section
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Table 2. ANOVA test results for P1 section

Table 3. ANOVA test results for P2 section

Table 4. ANOVA test results for P3 section
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Discussion
The purpose of this study was to determine if there is a correlation between cranial suture
closure and advanced age in order to assist forensic investigations in the compilation of a
biological profile. Based on the results of the ANOVA (see Tables 1-4), some sections of the
squamosal suture demonstrate a relationship between age and suture closure. Since the left
sections A1, P1, P2, and P3 have a statistically significant distribution of age for each score,
those sections may be indicative of age. As shown by the box plots, there is a general trend of
increasing median ages from scores of 1 to 4 (see Figures 10, 13, 14, and 15). This indicates that
as individuals get older, the score, or degree of obliteration, increases. These findings support
previous studies, such as Todd and Lyon’s (1924) and Meindl and Lovejoy’s (1985), that have
found suture closure to be associated with age with younger individuals having more open
sutures and older individuals having more closed sutures. Specifically for the squamosal suture,
sections A1, P1, P2, and P3 on the left are the strongest indicators of age and should be the ones
that are examined for age estimation. However, as experts have previously stated, sutures alone
should not be used to estimate age. Like Meindl and Lovejoy (1985) suggested in their paper,
cranial suture should instead be used as a corroborating method in combination with other more
reliable age estimation methods. Nevertheless, other methods are not always viable due to
missing or compromised elements. Using the squamosal suture works best for distinguishing
between age groups such as young, middle-aged, and old. Therefore, in cases where the skull is
the sole element available, the squamosal suture method can indicate age in a broad sense.
One interesting trend that was noted was the decrease in the median age for individuals
who scored a 2 in four of the six sections. The initial expectation was for the median age to
continuously increase as the scores increased. However, the general pattern for four of the six
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sections does not follow the expected trend (see Figures 11-14). A reason for this could be the
challenge in discerning a score of 1 from a score of 2. Since suture closure happens on a
spectrum, the distinction between two scores, such as 1 and 2, may be difficult to classify. A
more conservative scoring method may lead to more individuals scoring a 1 which could explain
the trend of a decrease in median age for those scored a 2.
The sections that warrant further investigation are left P2 and P3. The P2 section could be
the best indication of older age (high 60s to mid 80s) because it has the most concentrated age
range for a score of 4 than any other section. All of the scores (1-4) for the other sections have
much larger age ranges that overlap each other. Due to the smaller range of age, the P2 section
could be useful in differentiating elderly individuals from younger individuals. The left P3
section also merits additional investigation because it is the most statistically significant section
with the lowest p-value of 0.0023. The age spread for each score is most significant for this
section meaning that each score has a distinct age cohort with which it is associated. This could
mean that the left P3 section has a more patterned trend of pronounced obliteration with age.
Within the context of forensic investigations, the results of this study may be informative
for age estimation when the unknown individual is suspected to be an older individual (50+ years
old). This method, however, cannot provide precise age ranges which is the most helpful in
making identifications. Therefore, as previously stated, it should only be used with other
methods that have been proven to have a higher accuracy for estimating age. If other methods are
not available, the squamosal suture method can be used to provide a descriptive age
classification to help narrow the list of possible individuals.
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Limitations
As with any study, the current study has a number of limitations that may impact the
results. The first limitation is the relatively small sample size per cohort. A larger sample size
would increase the statistical significance and more accurately represent each cohort.
Additionally, a larger sample size might clarify the difference between the left and right suture.
With more individuals, there could be more representation of each score for each section of the
suture which could confirm or deny the current finding that there is a statistical difference
between the left and right.
Another limitation of this study is the lack of intra- or interobserver error study. Due to a
lack of time, the scoring could not be verified. With the current study, the accuracy of the scoring
method is unknown. Incorporating intra- and interobserver would provide more information on
the reliability of the present study.
Lastly, this study only incorporates white males. Therefore, the results of the study can
only be used for those demographics. Females were excluded to avoid any confounding variables
from menopausal processes that might impact the skull. Previous studies have found that as
women age their cranial traits are masculinized and are more rugose and robust. When
estimating sex, post-menopausal females have been scored more masculine (Naparstek 2014).
Additionally, after women go through menopause, the change in the levels of estrogen and
progesterone leads to a decrease in bone mineral density (BMD) (Shariati-Sarabi 2018). The
decrease in BMD often leads to osteoporosis which causes an increase in the likelihood of
fractures in post-cranial elements (Shariati-Sarabi 2018). While the impact of menopause on
BMD of post-cranial elements has been studied, there has been very little research done on how
menopause and the decrease in BMD affects the skull (Naparstek 2014). That type of research
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could be informative and help anthropologists understand the role of menopause with respect to
age estimation.

27

Conclusion
Many researchers have studied various cranial sutures to determine the relationship
between obliteration and age (Pommerol 1869; Ribbe 1885; Frédéric 1906; Dwight 1890; Todd
and Lyon 1924; McKern and Stewart 1957; Meindl and Lovejoy 1985; Mann et al. 1987;
Dorandeu et al 2007; Alesbury et al. 2012). These studies have documented increased
obliteration with age; however, they found that the pattern of obliteration is not always consistent
and reliable. This study focuses specifically on the squamosal suture, something that previous
studies have not done. The results of this study found that for four of the six sections (A1, P1,
P2, and P3) there is a statistically significant relationship between age and squamosal suture
closure. While there is a relationship between age and suture obliteration, this method cannot
provide specific age ranges for an age estimation.
As this study only included males, additional research could focus the obliteration of the
squamosal suture in females. A separate study could provide a comparison with which to
determine if there is a difference in obliteration patterns between sexes. This would not only
establish whether there are sex differences, but it could also shed more light on the general
patterns of squamosal suture obliteration with age. Since age estimation remains a challenge, any
study that tests or develops aging methods provides valuable information to the field of
anthropology.
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